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T
he application of Al-Si-Cu alloy castings in the automotive 
industry shows an increasing trend due to their low shrink 
rate, good flow property and small hot cracking tendency. It has 
been demonstrated that the microstructures and properties of 
Al-Si-Cu alloys are strongly affected by the casting method 
[1-4]. 
Generally, the microstructure of permanent mold cast alloys 
can be precisely controlled; while the die cast alloys exhibit 
high dimensional accuracy, low roughness as well as higher 
strength and hardness. 
Fatigue failure is one of main failure forms of engineering 
structural materials. It is also true for cast Al-Si-Cu aluminum 
alloys. So far, the research concerning the cast Al-Si-Cu 
aluminum alloys is mainly focused on their microstructure, 
impact and tensile properties 
[5-8], and little on their fatigue 
properties 
[9-10]. So, in this investigation, the low-cycle fatigue 
behavior of both permanent mold cast and die-cast Al-Si-Cu-Mg 
alloys was studied in order to address their mechanical aspect of 
fatigue behavior and to provide a theoretical foundation for the 
fatigue-resistant design of cast Al-Si-Cu-Mg alloy components.
1 Experimental procedure
The chemical composition of the Al-Si-Cu-Mg alloy used in this 
investigation was 8.5wt.% to 9.5wt.% Si, 3.7wt.% to 4.3wt.% 
Cu, 0.38wt.% to 0.42wt.% Mg and the balance was Al. Pure 
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aluminum, pure magnesium as well as Al-20wt.%Si and Al-
30wt.%Cu master alloys were used in the test. The SG-5-10 
crucible resistance furnace was used to melt the Al-Si-Cu-Mg 
alloy. The preheated pure aluminum was put into the crucible 
when the temperature of the furnace reached 740 ℃. After the 
pure aluminum melted completely, the Al-20wt.%Si and the 
Al-30wt.%Cu were added separately to the crucible. Then, 
the pure magnesium was put into the crucible. After being 
held at 740 ℃ for 10 min, the alloy melt was poured into the 
permanent mold. Cylindrical bars with diameter of 12 mm and 
length of 100 mm were obtained from the alloy ingots by the 
electrical discharge wire-cutting method. These cylindrical bars 
were machined into the fatigue specimens with the dimensions 
given in Fig. 1. The die-cast fatigue specimens with the same 
dimensions were directly fabricated on an Evo.53D cold 
chamber die-casting machine. The technological parameters for 
die-casting are that the injection pressure is 60 MPa, the mold 
temperature is 200 ℃, the pouring temperature is 720 ℃ and 
the pressure holding time is 12 s.
Fig. 1: Geometry of fatigue specimen (mm)
The low-cycle fatigue tests for the permanent mold cast and 
die-cast Al-Si-Cu-Mg alloys were performed on a computer-
controlled servo-hydraulic test machine, PLD-50, under 
total strain-control mode at room temperature. A triangular CHINA FOUNDRY
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waveform with total strain amplitudes ranging from 0.25% 
to 0.45% was applied in all fatigue tests. The imposed cyclic 
frequency was 0.5 Hz. All tests were run to the final separation 
of the specimen, and the corresponding number of cycles was 
defined as the low-cycle fatigue life.
2 Results and discussion
2.1 Cyclic stress response behavior 
The cyclic stress response curves of the permanent mold 
cast Al-Si-Cu-Mg alloy at various total strain amplitudes are 
shown in Fig. 2(a). It is obvious that the cyclic stress response 
behavior of the alloy is closely related to the imposed total 
strain amplitude. At the total strain amplitude of 0.25%, the 
cyclic strain hardening is observed at both initial and middle 
stages of fatigue deformation, and the stable cyclic stress 
response is noted at the later stage of fatigue deformation. 
At the total strain amplitude of 0.30%, the alloy exhibits 
continuous cyclic strain hardening, but the hardening rate 
decreases significantly at the later stage of fatigue deformation. 
When the imposed total strain amplitudes are in the range from 
0.35% to 0.45%, the alloy shows cyclic strain hardening, and 
the hardening rate at individual total strain amplitude is almost 
constant during whole fatigue deformation.
(a) Permanent mold cast alloy                                                                (b) Die-cast alloy
Fig. 2: Cyclic stress response curves of Al-Si-Cu-Mg alloys
Figure 2(b) illustrates the cyclic stress response curves of the 
die-cast Al-Si-Cu-Mg alloy at various total strain amplitudes. 
At the total strain amplitudes used in this investigation, 
the die-cast Al-Si-Cu-Mg alloy exhibits the cyclic strain 
hardening during fatigue deformation. At the lower total strain 
amplitudes of 0.25% and 0.30%, the hardening rate decreases 
with increasing the number of cycles. At the imposed total 
strain amplitudes ranging from 0.35% to 0.45%, the hardening 
rate at individual total strain amplitude is basically the same 
during the whole fatigue deformation.
The comparison in the cyclic stress response curves for 
both permanent mold cast and die-cast Al-Si-Cu-Mg alloys 
are given in Fig. 3. At the same total strain amplitude, the 
cyclic stress amplitude of the die-cast alloy is much higher 
than that of the permanent mold cast alloy. It implies that 
the die-cast alloy can offer much higher cyclic deformation 
resistance than the permanent mold cast alloy. The reason 
for this phenomenon can be attributed to the grain refinement 
effect from the die-casting process. Figure 4 shows that the 
microstructures of both permanent mold cast and die-cast Al-
Si-Cu-Mg alloys. It is obvious that the grains in the die-cast 
Al-Si-Cu-Mg alloy are much finer than those in the permanent 
mold cast Al-Si-Cu-Mg alloy. The reduction of grain size will 
decrease the mobility of dislocations and enhance the cyclic 
deformation resistance of the alloy.
2.2 Fatigue life behavior
The total strain amplitude (Δet /2) versus fatigue life (Nf) curves 
for both die-cast and permanent mold cast Al-Si-Cu-Mg alloys 
are shown in Fig. 5. It is noted that the fatigue life of the die-
cast alloy is higher than that of the permanent mold cast alloy 
at various total strain amplitudes. The difference in the fatigue 
life of the two alloys can be explained as follows. In fact, the 
microstructure can influence the initiation and propagation 
processes of fatigue cracks. The microstructure of the die-cast 
alloy is usually fine, which offers the greater resistance to both 
the initiation and propagation of fatigue cracks, and thus the 
die-cast Al-Si-Cu-Mg alloy has the longer low-cycle fatigue 
Δet /2 = 0.25% Δet /2 = 0.3% Δet /2 = 0.35%
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Fig. 3: Comparison of cyclic stress response curves for permanent mold cast and die-cast Al-Si-
Cu-Mg alloys at given total stain amplitudes
Fig. 5: Total strain amplitude versus fatigue life 
curves for permanent mold cast and die-cast 
Al-Si-Cu-Mg alloys
Fig. 4: Microstructures of permanent mold cast (a) and die-cast (b) Al-Si-Cu-Mg alloys
life at the same total strain amplitude.
Under low-cycle fatigue loading conditions, the total 
amplitude (Δet /2) is made up of plastic strain amplitude (Δep /2) 
and elastic strain amplitude (Δee /2). The relationship between 
plastic strain amplitude and fatigue life can be described by the 
Manson-Coffin equation 
[11], which is commonly expressed as:
         (1)
where ef' is the fatigue ductility coefficient, c is the fatigue 
ductility exponent, and 2Nf is the number of reversals to 
failure. The relationship between elastic strain amplitude and 
fatigue life can be described by Basquin equation, which is 
usually expressed as:
    (2)
(a) (b)
Δet /2 = 0.4% Δet /2 = 0.45%
where E is the Young’s modulus, sf' is the fatigue strength 
coefficient, and b is the fatigue strength exponent.
The plastic strain amplitude and elastic strain amplitude as 
a function of reversals to failure for both permanent-mold cast 
and die-cast Al-Si-Cu-Mg alloys are shown in Fig. 6, where 
the plastic strain amplitude and elastic strain amplitude are 
taken from the hysteresis loops at half-life. Obviously, for the 
two cast alloys, the plastic and elastic strain amplitudes with 
reversals to failure curves are linear. And thus, the Coffin-
Manson and Basquin equations can be used to relate the plastic 
and elastic strain amplitudes to fatigue life, respectively. 
Furthermore, the strain fatigue parameters ef', sf', b and c for 
the two cast alloys can be obtained through linear regression 
analysis, and their values are given in Table 1. It can be seen 
from Table 1 that the die-cast alloy has higher c, ef' and sf' 
values as compared with the permanent mold cast alloy, .
2.3 Cyclic stress-strain behavior
The cyclic stress-strain behavior depicts the relationship 
between cyclic stress amplitude and plastic strain amplitude, 
and is useful for understanding the strain-controlled fatigue 
deformation. The relationship between cyclic stress amplitude 
and plastic strain amplitude can be expressed by the following 
exponential law:
        (3)
where K' is the cyclic strength coefficient and n' is the cyclic 
strain hardening exponent. Based on the data in Fig. 7, the K' 
and n' values of both permanent-mold cast and die-cast Al-Si-
Cu-Mg alloys can be determined by linear regression analysis, 
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Fig. 7: Cyclic stress-strain curves of permanent 
mold cast and die-cast Al-Si-Cu-Mg alloys
Table 1: Strain fatigue parameters of permanent mold cast and die-cast Al-Si-Cu-Mg alloys
         Casting process  sf' (MPa)           b           ef' (%)   c  K' (MPa)          n'
Permanent mold cast alloy  297.24       0.0526            7.51             0.8693  297.26       0.0431
          Die-cast alloy    306.13       0.0527           12.46            0.9036  409.75       0.0583
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and are also listed in Table 1. It can be seen from Table 1 that 
both the K' and n' values of the die-cast alloy are higher than 
those of the permanent mold cast alloy.
3 Conclusions
(1) The permanent mold cast and die-cast Al-Si-Cu-Mg 
alloys mainly exhibit the cyclic strain hardening, and the die-
cast alloy shows much higher cyclic deformation resistance 
than the permanent mold cast alloy.
(2) Under low-cycle fatigue loading condition, the fatigue 
life of the die-cast Al-Si-Cu-Mg alloy is longer than that of the 
permanent mold cast alloy at the same total strain amplitude.
(3) For both the permanent mold cast and die-cast Al-Si-Cu-
Mg alloys, the relationship between plastic and elastic strain 
amplitudes with reversals to failure follows the Coffin-Manson 
and Basquin equations, respectively.
Fig. 6: Plastic (a) and elastic (b) strain amplitude versus reversals to failure curves 
of permanent mold cast and die-cast Al-Si-Cu-Mg alloys
(a) (b)